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1. Introduction

Severa corond lines posed a long-danding riddle to earth-bound spectroscopists, until - fdlowing up
on a suggesion by Grotrian (1937) - B. Edlén (1942) confirmed that their wavenumbers indsd
corresponded  to fine structure intervals in the ground configurations of higly charged ions like Fe X
and Fe XI. Thisin turn caused turmoil in solar physics, because the corona must be much hotter than
theunderlying chromosphere  in order to produce suchions,.

X-ray and EUV spectraof the sun became available  after World War 11, by observations from sounding
rockets and satdlites. These spectra confirmed the presence of the hignly charged ions. Laboratory
obsarvation of the (dectric-dipole) forbidden lines, however, had to wait for the devdopmet of loa-
dendty plasma discharges like the tokamak fuson experiments, because in regular light sources,
collisons would likdy quench such longlived levels Since then, afair number of forbidden trangtions
has been observed in the [aboratory, and forbidden lines are being valued for plasmadiagnostics.

While forbidden trandtions in light ions are often found in astrophysical light sources, smilar
trangitions in highly charged heavy ions like Kr will be important for plasma mechines like ITER, in
which Kr will likdy be used for radiative coding and will therefore aso be available for ddaled
diagnogtics.

2. EBIT

Electron beamion trgps (EBIT) now offer novel waysto study such forbidden transitions:

a) EBIT can produce any charge stateion of any demet, with much smpler access and more damatd

flexibility than at alarge-scae fusion-oriented tokamak or smilar plasmaexperiment.

b) EBIT can be switched from EBIT mode (with the dectron beam on) to megnetic trapping noke
(dectron beam off, then working like a Pening ion trap) in less than 1 ms, parmitting timeresolved

Sudies and aomic lifetime messurements.

In explorative studies of visble spectrafrom the NIST and LLNL dectron beam ion traps, a variety o
ion gpecies has been excited and stored. The spectra (se the Ar spectrum in Figure 1, or Tribert et al.
1998 for spectra of Kr) are dominated by a number of forbidden lines.



Among the transitions studied for their wavdengths  are the the 3s23p2 3P - 3P trangition in S-ike
Kr22+ and Mo28*, and the 3d4 5D, - SD3 transtion in severa Ti-like ions from Xe32* to AuS’*

(Figure 2). The measured wavdengths in comparison to calculated data, hdp to improve isodectronic
predictionsfor dementswhich may be present in future fusion test plasmeas.

On severd forbidden lines (the ground state fine structure transition in Arl3+ and the 3s23p2 3Py - 3P

transition in S-like Kr22*), transition probabilities have ben measured , with about 5% uncertainties
(Serpaet al. 1997, Serpa et al. 1998, Tribert et al. 1998). This is more precise than the predictions
from mogt ab initio calculations (Cheng et al. 1979, Biémont and Bromege 1983, Huang 1985, Vatey
et al. 1987), which usualy ned to be corrected for experimentd fine structure intervals. However,
better spectral resolution and improved light colletion will be nesded (and are in reach) to reach the
desred leve of 1% uncertainty.

Table 1. Resultsof Lifetime Measurementsusing EBIT

lon Upper levd Lifetime(ms) Lifetime(ms)
Expeiment Theory asis  Theory after energy
correction
Arl3+ 2s22p 2POg)» 8.20.5 NIST 9.62 a
951b
941c 9.58
K r22+ 3s23p2 3p, 5.7+0.5 NIST 6.46d 6.78
6.320.3 LLNL 5.83e 6.69
Xe32+ 3d4 5D3 2.15+0.14 NIST 24 f
a Veahey etal. 1987 b FroeseFischer 1983 ¢ Cheng et al. 1979
d Biémont and Bromage 1983 e Huang 1985 f Fddman et al. 1991
3. Conclusion

Electron beam ion trapsare quite suitable for the observation of forbidden transitions in the visble and
permit lifeime measurements in the millisscond  range. The precison for lifeime messurements  reeched
so far is about 5%. In the x-ray range (with better detection effidency and lower detector noiss), EBIT
has meanwhile yidded the first lifeime datawith sub-percent precision. It is expected that after further
devdopmat  work at least the 1% range of uncertainty will be reeched aso for forbidden transitions in
the visible spectrum. Thisis better than most applications require and severdly teststheory.
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Fig. 1.-- Compogte gspectrum of Ar, measured at the LLNL SuperEBIT usng a Im normd inddence
spectrometer equipped withaCCD camera  (from Tribert et al. 1998).
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